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Eastern Regiona

lnfroduclion

In a continuing study of the chemi-
cal constituents of clgal smoke con-
densate . (for previous publications
see Osman et al., 1962 and Osman

and Barson, 1964) ‘we have-initiated

an investigation of the.neutral com-

pounds therein. The neutral fraction
has been: separated into three sub-

fractions: “polar”. neutrals, low boil-
ing hydrocarbons and high boiling
hydrocarbons. The low boiling hydro-

carbon fraction will be the subject of -

this paper. The compounds that have
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- been identified are benzene; toluene;

0-, m-, and p-xylene; styrene; ethyl-

jbenzene dlpen ene; 1,2, 4 trimethyl-

Estimated am 'unts of these. com-

pounds present|in the smoke conden-r

sate are also reported.
Experimental

“Isolation of Low Boiling H ydroca_r-
bons.

described by Schepartz (1959, 1960)..
The traps containing smoke conden-
sate were washed with 350 ml of
ether. The eth_r solution (A) was
extracted with !
to remove basic material and then
washed with water

Ciga
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Five hundred cigars . were:
smoked according to the procedure

AN HCI (4x50 ml)

‘the ‘washing was’ neutral (~6 0).

The acidic compounds were removed
from the ether solution in a ‘similar
manner with 0.IN NaOH. The ether‘
solutlon (B) free of acids and bases
was dried over anhydrous sodium: sul-
fate for 24 hours The: dned solution:
was then’ concentrated by dlstllla ]
until the volume: was approxima
25 mlat whlch pomt an equal volume‘
of petroleum ‘ether (B.P. 38-42°C):
was added; distillation was then con-
tinued “until the head: temperature‘
reached 40°C - (pot volume about: 20
ml). A precipitate which: formed on
the addition of 50 ml of methanol to
the concentrated  solution: was ' re-:
moved by filtration. ‘Water- 5 ml) was
added to the ﬁltrate glvmg a lower,‘
polar layer and an upper layer The

lower layer was washed with petro-’

leum ether (3 b& 15 ml) and ‘the
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; Eigurg 2; Low»bokiling hYdfocarbons of kcigar smoke condensate.

washmgs were combmed Wlth the up-

per layer; which, in turn, was washed

- with 90% methanol (10 ml). After
;;drymg, an infrared spectrum of this
_petroleum . ether solutlon ‘indicated
the presenceof hydrocarbons with
no-carbonyl or hydroxyl absorption.

The petroleum: ether solution .of
‘hydrocarbons (C) was distilled from
methanol by continuous addition of
the latter durmg the. dlstlllatlon Dis-
tillation was stopped when the dis-
tillate no longer clouded upon the ad-
dition of water. The distillate was
‘diluted with more water until the
‘methanol to water ratio was approxi-
mately 1:1 and then extracted with
petroleum ether (6 x 50 ml). The pe-
troleum ether solution was dried and
~eoncentrated by distillation to 10 ml
(D). The residue from the methanol
distillation was taken up in petro-
leum ether and treated in the same
manner to give a high b0111ng hydro-

- earbon fraction (E). ;

To monitor the changes in compo-
sition during the above: fractionation
gas chromatographlc analyses were

- performed on fractions B, C, D and
E using an Aerograph A-3504 fitted
“#ith dual thermal conductivity de-
tectors. The column: (10 ft X 4 in)
contained . Chromosorb W (60-80
mesh) coated with Carbowax 20M

(20%). The temperature of the col-

umn was maintained at 62°C for the
initial 34.5 min. of the run and
then programmed to 240°C at a rate
-.of 4° per min.; the témperature was
“held at 240°C for the remaining time
‘of the analysis (30 min). InJector
~and ' .detector temperatures  were
260°C for the total analyms time and
the helium flow rate was set at 60

,ml/mm at 62°C column temperature :

‘Mentum of a speczﬁc commercw,l product daes

mot. constitute endorsement. by the :United States: |
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Further -analysis of D was con-
ducted under the same conditions de-
scribed above with one exception:
the columns (10 ft X 14 in) -con-
tained Apiezon L (20%) coated on
firebrick.

Identification of Components of
Solution D. Three criteria of identi-
fication were employed:. co-chroma-
tography with known compounds and
infrared and ultraviolet spectral
analyses. . Co-chromatography was
run under the set of conditions out-
lined in the previous section using
both columns. For infrared and ul-
traviolet analyses, eluates of the cor-
responding chromatographic peaks
were collected in U-shaped tubes sub-
merged in a Dry Ice acetone bath.

Infrared -spectra were obtained on a -

film of pure eluate contained in a
0.01 mm capillary cell. A solution of

the sample in isooctane was used for

ultraviolet analysis.

Quantitative Analysis. A gas chro-
matographic analytical method was
employed. Area-concentration rela-
tionships were ' established through
the use of knowns corresponding to

those compounds identified. All ana-
lytical work was done on the Apiezon .
L column under the conditions previ-
ously described. To: determine the
efficiency of the isolation procedure a
control experiment was run. Fifty
cigars were smoked, the smoke con-
densate was removed from the traps
with ether, and the ether solution
was divided into two equal -portions.
One half of a 10 ml ether solution
containing 30 ul of benzene, toluene,"
m-xylene and dipentene was added to

~one portion. Both solutions were

treated in the manner previously de-
scribed for the isolation of the low
boiling hydrocarbons.

Results and Discussion

A typical chromatogram of the
total neutral fraction is shown in
Figure 1. Due to the great complex-
ity of this solution further fractiona-
tion was obviously necessary. A pro-
cedure of isolation, somewhat similar
to one described by Johnstone and
Quan (1962), was used to yield a
fraction of much greater simplicity
(Figure 2). The fraction was devoid

Toble 1. Compounds

¥ Identzﬁcatwn by Anfrar ;
spectra or by co- chromatogra

identified in solution D.

Compound Peak IR
Benzene 6 +
‘Toluene 9 +
Ethylbenzene 11 +
m-, p-Xylene 12 +
o-Xylene 13 +
Styrene-. - +
m-, p-Ethyltoluene L&+
1,2,4- Trlmethylbenzeﬁé’ %+
: ‘Dlpentene R Z® +

raviolet (UV} and nuclear magnettc resonance (NMR)
ug;vtmte: u:mg known »ompoun S

Mefhod of Identification*
Co-chromatography

UV Carbowax Apiezon Other
¥ + 4+ =
+ + + —~
+ + F —~
+ + + z
+ + + =
+ + + =
+ + + =
=+ + =+ -
+ + + NMR




Compouﬁd
. Benzene

Toluene . -
Ethylbenzene
m-, p-Xylene
- Styrene) )
o-Xyleney - "
m-<, p-Ethyltoluene -
“$,2,4-Trimethylbenzene
Dipentene

Table 2 Amounfs of various . bydrocarbo“
= : .smoke condensal'e

/ ng/mgar*

o
240 60

Lo Uncorrected for losses incurred during ssolanon
** Average weight of cigar was 7.0 g and approzzmately 4.09 were :moked.

175 -

15

_-Amemca for their support of ‘this

“of carbonyl compounds (as deter-

mined by infrared) and relatively
high boiling hydrocarbons. The chro-
matogram contains about 15 major
peaks (not including solvent peaks).
Many of these were shown to corre-
spond to a single component and

others represented mixtures of two .

compounds The compounds identi-
fied in this fraction are listed in
Table 1. Many of these compounds
were reported in cigarette smoke by

Johnstone and Quan_ (1962) and’

Bonnet and Neukomm (1956). To
our knowledge, however, m- and p-
ethyltoluene have not previously
~ been reported in either cigar or ciga-
rette smoke condensate. Although not
listed in Table 1, there was an infra-
red spectral indication of the pres-
ence of 1, 8, 5-trimethylbenzene in
peak 20. Six peaks (19, 20, 23, 24,
26, 27) were unidentified although

certain structural features could be

deduced from the infrared spectra of
the eluates. For example the spec-
trum of peak 19 indicated the pres-
ence of terminal unsaturation (907,
- 990 and 1625 cm). The infrared
spectrum of peak 20 showed the pres-
ence of exo and endo. unsaturation
and, possibly conjugation; the ultra-
. violet spectra (A max 231) confirmed
the possible conjugation. The infra-
red spectrum of peak 23 was similar

-given in Table

in " many wa to that reported

for 2,4-dimethyl,-4-vinyleyclohexane
(Blnder et al.,| 1959). The infrared

spectra of pea s 24 and 27 showed

no strong olefinic absorption; how-

ever, the eluate of peak 27 had a )
max 250 my.

- It should be mphas1zed that some,
if not all, of the unidentified peaks
may be mixtures. Positive 1dent1ﬁca-
tions were not
ited information available. Grossman

- et al. (1963) have reported the for-

mation of a nu ber of olefins, includ-
ing dipentene, on pyrolysis of solan-
esol. Preliminary experiments in our
laboratory showed ‘strong similari-
ties (in.gas chromatographic behav-
ior and infrared spectral characteris-
ties) between pyrolyzates of crude
solanesol and number of compo-

nents in this fraction including those

corresponding to peaks 19 and 20.
Semiquantitative results for a
mgar containing unblended filler are
2. The levels are gen-
erally within t e range of those re-

ported by. Johnstone and . Quan

(1962) for cigarette smoke. Control

experiments “indicated that recover- -

ies of the identified compounds from

. the condensate were as follows: ben-

zene, 30% ; m-xylene and. -toluene,
50% ; and dipentene, 50%. These re-
sults are not unreasonably low in the

- Grossman, J. D.,'R.

project. They also wish to‘thank Drs.

~R. L. Stedman and I. Schmeltz for
: helpful dlscussmns durlng the course‘
“ of 'this work.
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